Acrylamide, a carcinogen with debilitating effects on human health, was detected by electrochemiluminescence (ECL) measurement using Ru(bpy)3 2+ as the luminophore. Under the optimum conditions, Pt electrode as the working electrode showed a superior linear detection in the range 5 μM-10 mM, with a detection limit of 1.2 µM (S/N = 3). Moreover, a remote wireless camera was employed to collect the digital images of the ECL emission. These images were converted from RGB (Red, Green, Blue) model to HSV (Hue, Saturation, Value) model using the MATLAB software. It was found that Value (V) in the HSV model had a linear relationship with the logarithm of the acrylamide concentration, suggesting that acrylamide could be detected in levels of 5 μM using optical imaging. The ECL method for detecting acrylamide was proved to be simple and convenient. This is expected to lead to the development of a novel acrylamide detection method for food safety and other fields.
INTRODUCTION
Acrylamide is a highly water soluble, white or pale-yellow crystal. A large amount of acrylamide is produced after cooking starchy foods at high temperatures [1, 2] . A number of studies have been conducted on the mechanism of formation of acrylamide [3] [4] [5] . However, acrylamide is a potential carcinogen that effects the human nervous system and reproductive system [6] . Hence, it is crucial to monitor the presence of acrylamide, considering the aspect of food safety.
The existing methods for detecting acrylamide are as follows. Gas chromatography has been widely used in detecting acrylamide [7, 8] . Although this technique has good detection sensitivity and accuracy, bromine used for the chromatographic analysis is volatile, corrosive, and toxic, and hence, is against the concept of green chemistry. Moreover, the expensive technology and equipment limit its applications. The use of high performance liquid chromatography has simplified this analysis [9, 10] . This method is carried out at room temperature and overcomes the thermal instability of acrylamide. However, the instrumentation is expensive, and the detection time is long. Furthermore, pre-column derivatization-gas chromatography-mass spectrometry developed to detect acrylamide in food is more sensitive and accurate than gas chromatography [11, 12] . However, even this technique requires complex instrumentation and complicates its operations. Enzyme-linked immunosorbent assays have been shown to be highly specific for acrylamide [13] . The method is cost-effective and has a relatively short detection time. However, the sensitivity needs to be improved. Moreover, this method involves the preparation of antibodies, which may be difficult at times. In summary, these detection methods require relatively complicate pre-processing process and long analysis time, which are not suitable for on-site and rapid detection.
Measurement of electrochemiluminescence (ECL) is an outstanding method for sensing applications [14, 15] , which has been widely used in drug analysis [16] , amino acid analysis [17] , DNA probe analysis [18] and the field of enzyme biosensors [19] . Ru(bpy) 3 2+ is a common luminophore in ECL measurements [20, 21] . Amines can be employed as reducing agent for Ru(bpy) 3 2+ , such as tripropylamine [22, 23] and melamine [24] . Therefore, acrylamide, also a kind of amine, can be used as a reducing agent for reacting with Ru(bpy) 3 2+ .
In this work, acrylamide was successfully detected in phosphate buffer saline (PBS) by ECL measurement using Ru(bpy) 3 2+ as the luminophore. The method was linear over a wide range, involved relatively inexpensive instrument, and was cost-effective and operationally simple. Pt electrode was used as the working electrode, and it showed a superior linear detection in the range 5 µM-10 mM, with a detection limit of 1.2 µM (S/N=3). In addition, the digital images of ECL emission were collected by remote wireless camera, which were converted from RGB (Red, Green, Blue) model to HSV (Hue, Saturation, Value) model using the MATLAB software. When these images were captured as 200×200 pixels, there was a good linear relationship between Value (V) and the logarithm of the acrylamide concentration. Thus, the combination of these two methods (optical imaging and ECL) is a promising method for ECL sensing and is expected to provide a new way for detecting acrylamide in food safety and other related fields.
EXPERIMENTAL DETAIL

Chemicals and reagents
Ru(bpy)3 2+ and acrylamide were obtained from Titan Scientific Co., Ltd. (Shanghai, China). 10 mM PBS was procured from RUICHU Biotech Co., Ltd. (Shanghai, China). Deionized water obtained from an EASY Ultra-pure Water system was used in all the experiments, unless otherwise stated.
ECL measurements and optical image generation
All ECL measurements were performed at room temperature (~25 °C) by the MPI-EII (Remex Electronic Instrument Co., Ltd. Xi'an, China) detection system. A three-electrode system consisting of an Ag/AgCl electrode (saturated KCl solution) as the reference electrode, Pt electrode as the working electrode, and a counter electrode was employed. The ECL was monitored by cyclic voltammetry (CV) in the voltage range −1.1-1.3 V and at a scan rate of 0.1 V·s -1 . The photomultiplier tube was set at 800 V. The ECL signals were collected by a H.264-1080P remote wireless hidden camera. The obtained images were analyzed using MATLAB.
RESULTS AND DISCUSSION
Optimization of ECL measurement conditions
To acquire the optimum conditions for detecting acrylamide, a few experimental factors, such as pH of PBS and scan rate in CV method were examined at room temperature. Previous studies suggest that the ECL intensity of acrylamide was affected by amino protonation [25, 26] , and this was related to the pH of the solution. Therefore, it was necessary to study the ECL in PBS of varying pH. Fig. 1a and Fig. 1b describe the influence on the ECL intensity in the pH range 3-11. Fig. 1c shows that the ECL intensity increases from pH 3 to pH 7 and decreases with further increase in the pH. The ECL intensity reaches its maximum at pH 7. Therefore, PBS with pH=7 was employed for further studies.
The change in ECL at different scan rates is shown in Fig. 1d and Fig. 1e . Fig. 1f predicts that the ECL intensity is maximum in the range 0.02-0.1 V·s -1 and then decreases from 0.1 to 0.2 V·s -1 .
Based on the previous report [27] , when the scan rate is in the range of 0.02-0.1 V·s -1 , the excited-state substance is insufficiently produced at low scan rate. As the reaction progresses, the co-reactant is accumulated near the electrodes. When the scan rate increases, for instance, up to 0.1 V·s -1 , the rate of migration of electrons increases. The concentration of the excited state luminophore is increased, and hence, the ECL intensity is enhanced. When the scan rate exceeds 0.1 V·s -1 , the amount of co-reactant near electrode surface cannot cope with the fast ECL reaction the fast ECL reaction, and the ECL intensity decreases. Therefore, a scan rate of 0.1 V·s -1 was employed for further experiments. It is well known that Ru(bpy)3 2+ can react with amines such as tripropylamine [28] , melamine [29] , and dopamine [30] to emit ECL. Therefore, the mechanism of ECL emission in the presence of acrylamide can be inferred based on this. Fig. 3a shows the mechanism of ECL emission of Ru(bpy)3 2+ with acrylamide. According to a previous report [31, 32] (Fig. 3b) were found to be satisfactory. This mechanism is similar to that for other well-known co-reactants such as tripropylamine. The presence of a return wave for the reduction of Ru(bpy)3 3+ to Ru(bpy) 3 2+ , after the appearance of the first peak, indicates that the reaction between Ru(bpy)3 3+ and acrylamide is less efficient. This results in the lower ECL intensity [33] . The above experiment confirms that acrylamide can be used as a reducing agent for the redox reaction with Ru(bpy) 3 2+ and can be detected by ECL measurement.
Determination of acrylamide
Under the optimized conditions, ECL was monitored by CV in voltage range −1.1-1.3 V and scan rate of 0.1 V·s -1 . Fig. 4a illustrates the relationship of ECL intensity and acrylamide concentration. The ECL intensity is continuously enhanced with increasing acrylamide concentration. Fig. 4b shows that fitted curve for the same between 5 μM and 10 mM. It can be seen that ECL intensity has a good linear relationship with the logarithm of the acrylamide concentration. The detection limit in this range was 1.2 μM. The resulting equation is Y2 = 700.15299X2 -310.20364, with R 2 = 0.99155. A comparison between this work and some previous studies for detecting acrylamide is listed in Table 1 . Although the detection limits of these methods are similar, the method provided in this study is more convenient. The interference immunity of acrylamide is shown in Fig. 5 . The same concentrations (1 mM) of urea, uric acid and glucose were used for ECL under the above conditions. It was found that the CV curves of acrylamide and other substances were different, indicating that acrylamide could be distinguished from these compounds. 
CONCLUSIONS
In summary, the detection of acrylamide by ECL measurement and optical imaging were studied. The ECL intensity under different acrylamide concentrations were obtained by CV. The optical images were analyzed with a series of acrylamide concentrations using the MATLAB software. The ECL intensity and Value (V) of the images have a good linear relationship with the logarithm of the acrylamide concentration. The linear detection range is from 5μM to 10mM with a detection limit of 1.2μM (S/N=3). The stability and reproducibility were satisfactory. Therefore, the combination of ECL measurement and optical imaging for detecting acrylamide was simple and convenient. It is expected to lead to the development of a novel acrylamide detection method for food safety and other fields.
